UNCLASSIFIED
SECURITY CLASS/FICATION OF THIS PAGE

{
S
\‘\_-/‘

REPORmnON PAG

AD-A231 042

138

ta REPORT SECURITY CLASSIFICATIO

u
it CITE
UNCLASSIFIED

23 SECURITY CLASSIFICAT ON AUTHO .

b RES i ive vaanre v

3 DISTRBUTVIONFAVAL AR LT Y (OF 20B08T
This document has been approved for

IBM Research Division

Almaden Begearch Conter

2b DECLASSIFICATION / DOWNGRAD! Eouuis public release and sale; its dis-
tribution is unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S) MOMMTORING QRGANIZATION REFPURT L3138,

IBM Research Report RJ 7875 “Tecnuaical Report No. 29

6a NAME OF PERFORMING ORGANIZATION bb OFFICE SYMBOL 7a MANE OF MONTORNG URGAN JAT O

(if applicable)

Office of Naval Research

6¢. ADDRESS (City, State, and ZIP Code)
650 Harry Road

San Jose, CA 95120-6099

75 ADDRESS (City, State and ZiP Coue)
Chemistry Division Code 1113
Arlington, VA 22217

Ba NAME OF FUNDING /SPONSORING
ORGANIZATION

Office of Naval Research

8b OFFICE SYNMBOL
(If applicable)

3 PROCUREMENT NSTRURENT iDENT FICAT.ON NUMBER

NO0O014-84-C~0708, 4131022

8¢. ADDRESS (City, State, and Z2IP Code)
Chemistry Division,
Arlington, VA 22217

Code 1113

10 SOURCE OF FUNDING NUNVBERS

PROGRAMN PROLECT
ELEMENT NO NO

NOR LT

ACCESSIO NO

TASK
NO

11 TITLE (Include Security Classitication)

in a p-Terphenyl Crystal"

Comment on "Single Pentacene Molecules Detected by Fluorescence Excitation

12 PERSONAL AUTHOR(S)

W. E. Moerner and W. P. Ambrose

13a "YPE OF ncPORT 130 TIME COVERED 14 DATE OF REPORT (rear, Month Day) §'5 PAGE COLNT

interim technical FROM 10 1990,12,10

16 SUPPLEMENTARY NOTATION

17 COSATE CODES 18 SUBLECT TERNMS {Continue on reverse 1f necessary and identity by biock number)
FELD GROJP SUB-GROUP single molecule detection, optical linewidth,

spectral hole-burning,

spectral diffusion

pentacene molecular

resonance frequency 1.5 K, with
In addition,

absorbers reaches

at

the

the low-power limiting
lifetime limit of

19 ABSTRACT {Zontinue on reverse if necessary and identify by block numuber)
Using highly efficient Fluorescence excitation spectroscov of
impurities in p-terphenyl crystals,
that some pentacene defects exhibit spontaneous
jump rate
linewidth

a

individual
we have observed
spectral jumps in their
independent of laser power.
for single pentacenc

7.8 MHz at 1.3 K.

20 DSTRIBUTION AVAILABILITY OF ABSTHACT SUOABSTHACT STC L TY (LA (AT O,
G oric ASSIFIED NDVIETED SANE AL POT (3 nme g ag UNCLASSIFIED

2da CUACAE OF HESPONLSHLE TDIIIL AL TON e bern ot finclude Area Codn) |20 L e
Dr. W.E. Mocrner . (408) 927-2426

DD Form 1473, JUN 86

Previous editions are ohsolote

S/% 0102-LI-01a=-0603

A A f

UNCLASSIFIED

S N A 1




OFFICE OF NAVAL RESEARCIH

Contract NOO014-84-C-0708

R&T Code 4131022

Technical Report No. 29

Comment on ”Single Pentacene Molecules Detected hy Fluorescence
Excitation in a p-Terphenyl Crystal”

by

W. k. Mocerner and W. P. Ambrose

Prepared for Publication
mn
Physical Review Letters
IBM Rescarch Division
Almaden Research Center

650 TTarry Road
San Jose, Califormia 95120-6099

December 10, 1990

Reproduction in whole, or in part, is permitted for any purpose of the United States
Government.

This document has been approved f(or public release and saler its distribution s
unhimited.




RJ 7875 (72535) 12/10/90
Solid State Physics

COMMENT ON "SING.E PENTACENE MOLICULES DETECTED BY FLUORESCENCE
EXCITATION IN A P-TZRPHENYL CRYSTAL”

W. E. Moerner
W. P. Ambrose

IBM Research Division
Almaden Research Center

650 Harry Road

San Jose, California 5120-6039

ABSTRACT: Using highly eflicient fluorescence excitalion spectroscopy of
individual pentacene molecular impurities in p-terphenyl crystals. we have
observed that some rpentacen: defects exhibit spontanenus spectral jumps in
their resonance frequency at 1.5 K. with a jumip rate independent of laser
power. In addition, the low power limiting linewidth for single penfacene

absorbers reaches the: lifetime lirit of 7.8 14Hz 8t 1 5
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Comment on ”Single Pentacene Molecules Detected by Fluorescence Excitation in a

p-Terphenyl Crystal”

W. E. Moerner and W. P. Ambrose

IBM Research Division, Almaden Research Center

K95/801, 650 Harry Road, San Jose, CA, USA 95120-6099

In a recent Letter, Orritl et al. show the fascinating result that the use
of fluorescence excitation for single molecule detection (SMD) and spectroscopy
in solids can yield excellent signal-to-noise ratio, thus confirming earlier
SMD using absorption techniques.ZWe obtain similar results using fluorescence
excitation, and wish to comment on twc points.z

Orrit et al. find anomalouslty large line widths of 10-15 MHz for single
pentacene molecules at 25 mW/cm?. We find similar widths at similar
intensities; however, at lower intensity (1.8 mW/cm?) the lifetime-limited
widthh of 7.8+ 0.2 MHz is reached (Fig. 1). We find a measured saturation
intensity | of 7+ 3 mW/cm? which is an order of magnitude below the three-level
ts calculated from known photophysical parametersak Apparentliy, while the
power-broadening characteristic of single pentacenes is modified, the excited
state lifetime is not.

Orrit et al. observe sudden drops and surges in some emission peaks which
are interpreted as photo-induced spectral hole-burning of single molecules.I
While photc-induced changes may occur, we find that two distinct classes of
molecules are present: class |, which are stable in cime, and cl-s=s I, which
show spontaneous, discontinuous jumps in resonance frequency of 20-60 MHz on a
1-420 s time scale. The occurrence of class Il defects is quite common in the

wings of the inhomogeneous line (increasing to 40 % at +0.23 nm from line




center), but only class | defects have been observed in a spectral region from
0.003 to 0.01 nm from line center. Fig. 2 shows that for fixed laser frequency,
the fluorescence of a class |l defect turns on and off in a stochastic fashion
as the molecule jumps into and out of resonance. Moreover, the jump rate
changes little with laser power (Fig. 2 a,b). We find no evidence that the
jumping transitions are laser-driven; the dominant effect appears te be spectral
diffusion of class || molecules perhaps because they are coupled to an
(unidentiiied at present) ensemble of two-level systems in the host undergoing
phonon-assisted tunneling.

This work was supported in part by the U. S. Office of Naval Research.
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FIGURE_CAPTIONS

Figure 1. Fluorescence excitation spectrum for a single pentacene malecule in
a sublimed crystal of p-terphenyl at 1.5 K. 8 MHz = 592.487 nm, far into the

wings of the 0, site inhomogeneous line. The solid line is a Lorentzian fit.

Figure 2. Spectral jumps in the resonance frequency of a class Il single defect

detected with a fixed frequency laser at 592.362 nm. (a) 0.9 wW, (b) 36 nW.
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